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. , , III 2
(Completely Positive Dynamical Semigroup [4, 5]) . ,
, Completely Positive Dynamical Semigroup ,
.
11 $I$ ‘ ”
, “ ” , .
, :
$H_{\mathrm{t}\mathrm{o}\mathrm{t}}=\lambda^{2}H_{S}+\lambda V+H_{B}$ , (1)
$H_{S}= \frac{\epsilon}{2}\sigma_{z}+\frac{\Delta}{2}\sigma_{x}$ , $H_{B}= \int_{0}^{\infty}d\omega\hslash\omega a_{‘ d}\dagger a_{\omega}$ , $V=i \hslash\sigma_{z}\int_{0}^{\infty}d\omega(g(\omega)a_{\omega}-g^{*}(\omega)a_{\omega}^{\uparrow})$ . (2)
$\lambda^{2}Hs,$ $H_{B},$ $\lambda V$ , , ( ,
: $Hs|\pm\rangle$ $=\pm(\hslash\Omega_{0}/2)|\pm\rangle,$ $\hslash\sqrt 0=\sqrt{\epsilon^{2}+\Delta^{2}})$ . $\lambda\ll 1$
, , “ ”
. , (1) [6] $\lambdaarrow 0$ ($\tau=\lambda^{2}t$ )
, (Stochastic Limit) $[7, 8]$ [9]. ,
(1), (2) ,
“ ” , [




$\frac{d}{d\tau}\rho s(\tau)=(H+D)\rho s(\tau)$ , $\mathcal{H}\rho=-\frac{i}{\hslash}[H_{S}, \rho]$ , $D \rho=-\frac{\gamma^{\theta}}{4}[\sigma_{z}, [\sigma_{z}, \rho]]$, $\gamma^{\theta}=\frac{2\eta k_{B}T}{\hslash}$ . (3)
, ,
$T$ :
$\rho \mathrm{t}\mathrm{o}\mathrm{t}(0)=\rho s\otimes\rho B$ , $\rho_{B}=\frac{1}{Z}e^{-H_{B}/k_{B}T}$ , $Z=\mathrm{t}\mathrm{r}_{B}e^{-H_{B}/k_{B}T}$ . (4)
$k_{B}$ Boltzmann . , $V$ $g(\omega)$ , $\omega$
$2\pi|g(\omega)|^{2}\sim\eta\omega(\eta>0)$ (Ohmic ).
, . (i)
Lindblad .$*5$ Caldeira Le $\mathrm{e}\mathrm{t}\mathrm{t}$
[10] (1) [2],
$*5$ Completely Positive Dynamical Semigroup Lindblad [5] Gorini et al. [4]




(3) Lindblad , .
, [9]. (ii)
(3) ($\tauarrow\infty$ ) \rho 0=1imT\rightarrow $e^{-H_{S}/k_{B}T}/Zs(Zs=$
$\mathrm{t}\mathrm{r}se^{-H_{\mathrm{S}}/k_{B}T})$ , $\rho_{0}$ [12] .
$T$ , $\lambda^{2}$
.
, , $T$ .
, (3) , $D\pm=|\pm\rangle$ $\langle\mp|, D_{0}=|+\rangle\langle+|-|-\rangle\langle-|$
Bloch , $\mathrm{t}\mathrm{r}_{S}[\rho_{S}(\tau)D\pm]=\mathrm{t}\mathrm{r}_{S}[\rho sD\pm(\tau)],$ $\mathrm{t}\mathrm{r}_{S}[\rho s(\tau)D_{0}]=\mathrm{t}\mathrm{r}s[\rho sD_{0}(\tau)]$
:
$\frac{d}{d\tau}D(\tau)=-AD(\tau)$ , $D(\tau)=(\begin{array}{l}D_{+}(\tau)D_{-}(\tau)D_{0}(\tau)\end{array})$ , (5a)
$A=(\begin{array}{lll}(\tilde{\Delta}^{2}+2\tilde{\epsilon}^{2})\gamma^{\theta}/2-i\Omega_{0} -\tilde{\Delta}^{2}\gamma^{\theta}/2 -\tilde{\epsilon}\tilde{\Delta}\gamma^{\theta}/2-\tilde{\Delta}^{2}\gamma^{\theta}/2 (\tilde{\Delta}^{2}+2\tilde{\epsilon}^{2})\gamma^{\theta}/2+i\Omega_{0} -\tilde{\epsilon}\tilde{\Delta}\gamma^{\theta}/2-\tilde{\epsilon}\tilde{\Delta}\gamma^{\theta} -\tilde{\epsilon}\tilde{\Delta}\gamma^{\theta} \overline{\Delta}^{2}\gamma^{\theta}\end{array})$ . (5b)
, $\tilde{\epsilon}=\epsilon/\hslash\Omega_{0},\tilde{\Delta}=\Delta/\hslash\Omega_{0}$ . , Bloch (5)
$A$ . (i) ,
(ii) ,
, ( 1 ). , “ ”, “
” . , , “
” $\Gamma_{L}$ , “ ” $\Gamma_{T}$ . , ,
$\{$
\Gamma L\equiv ( $A$ ),
\Gamma T\equiv ( $A$ )
(6)
. (3), Bloch (5) ,
(1), (2) , $\Gamma_{L}$ , $\Gamma_{T}$
(2) $\epsilon,$ $\Delta,$ $\eta$ , , $T$ . , $A$
(a) (b)










2: $\Gamma_{L}$ ( ), $\Gamma\tau$ ( ) .
(I) (II) (III)
3: $f(\lambda)=\det(\lambda-A)$ . (I)-(III $2(\mathrm{b})$ .
3 , $\Gamma_{L},$ $\Gamma_{T}$ . ,
$\Gamma_{L},$ $\Gamma_{T}$ .
2 $[]_{\vee}\sim$ , $\epsilon/\hslash\Omega 0$ $\Gamma_{L},$ $\Gamma_{T}$ . , $\epsilon$
. , $\epsilon$
$\Gamma_{L}=\tilde{\Delta}^{2}\gamma^{\theta},$ $\Gamma_{T}=\tilde{\Delta}^{2}\gamma^{\theta}/2$ [ , $\gamma^{\theta}=2\pi|g(\sqrt 0)|^{2}\coth(\hslash\Omega_{0}/2k_{B}T)$ ]
[8]. $\text{ }$ 2 , . $2(\mathrm{b})$ ,
$\Gamma_{T}$ $\Gamma_{L}$ ,
$\Gamma_{L}$ $\Gamma_{T}$ .
, Bloch (5) $A$ $f(\lambda)=\det(\lambda-A)$ (
) . 3 , $2(\mathrm{b})$ $\mathrm{I},$ $\mathrm{I}\mathrm{I}$ , I
$f(\lambda)$ . I ( ) , III ,







4: $\Gamma_{L}/\Gamma\tau$ . 2 .
[13]. .16
, . 4 , 2 $\Gamma_{L}/\Gamma_{T}$
. ,
$2\Gamma_{T}\geq\Gamma_{L}$ (7)
( $2\Gamma_{T}=\Gamma_{L}$ ). (7) , 1, 2
( ).
1 $M_{R,3}\equiv$ { $A$ : 3 3 $|\mathrm{t}\mathrm{r}A,$ $\det A$ , tr adj $A\in \mathbb{R}$} ( , $\mathrm{a}\mathrm{d}\mathrm{j}A$ $A$
, $\mathbb{R}$ ) , $A\in M_{R,3}$
,
$\mathrm{t}\mathrm{r}A\geq 0$ , $\det A\geq 0$ , $\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{d}\mathrm{j}A\geq 0$ , and $f(\mathrm{t}\mathrm{r}A)\geq 0$ (8)
.
2 $A\in M_{R,3}$ (8) , $\lambda_{i}(i=1,2,3)$
${\rm Re}\lambda_{1}+{\rm Re}\lambda_{2}\geq{\rm Re}\lambda_{3}$ ,
${\rm Re}\lambda_{2}+{\rm Re}\lambda_{3}\geq{\rm Re}\lambda_{1}$ , (9)




$*6$ , [14] .
25
Bloch (5) $A$ $M_{R,3}$ , (8), (10)
. , 2 (9) ,
(7) . ,
$\ovalbox{\tt\small REJECT})$ $(i=1,2,3)$
$\Gamma_{L}^{(1)}+\Gamma_{L}^{(2)}\geq\Gamma_{L}^{(3)}$ , $\Gamma_{L}^{(2)}+\Gamma_{L}^{(3)}\geq\Gamma_{L}^{(1)}$ , $\Gamma_{L}^{(3)}+\Gamma_{L}^{(1)}\geq\Gamma_{L}^{(2)}$ (11)
.
, , .




, (7), (11) , Markov
Completely Positive Dynamical Semigroup $[4, 5]$ $($ $, \mathrm{C}\mathrm{P}\mathrm{D}\mathrm{S})^{*7}$ .
(7), (11) , Gorini et al. CPDS [4].
, CPDS “ ” ,
(3) “ ” .
, (7), (11) .
, Gorini et al. ,
. , CPDS
. CPDS , Gorini et al.
, .
111-1 Completely $\mathrm{P}\mathrm{o}\mathrm{s}\dot{|}\mathrm{t}\mathrm{i}\mathrm{v}\mathrm{e}$ Dynamical $\mathrm{S}\mathrm{e}\mathrm{m}\dot{\mathrm{l}}\mathrm{g}\mathrm{r}\mathrm{o}\mathrm{u}\mathrm{p}$ (CPDS)
$\rho$ .
$(\rho\geq 0, \mathrm{t}\mathrm{r}\rho=1)\}$ . ,
,
. Dyanamical Semigroup [15] , $*8$ . $*9$ ,
, Heisenberg
[16] [4, 5, 17]. Completely Positive Dynamical
Semigroup (CPDS) Dynamical Semigroup . ,
Markov CPDS , CPDS
: Quantum Dynamical Semigroup .Markov .
$*9$ , , [15] .
26
Markov . Lindblad [5] Gorini et al. [4] CPDS
, Lindblad
. Hilbert $N$ $*10$
,
$\frac{d}{dt}\rho(t)=(H+D)\rho(t)$ , $H \rho=-\frac{i}{\hslash}[H, \rho]$ , $D \rho=\frac{1}{2}\sum C_{ij}\{[F_{i}, \rho F_{j}^{\uparrow}]N^{2}-1, [F_{i}\rho, F_{j}^{\uparrow}]\}$ (12)
$i,j=1$
. $*11$ , $H=H^{\uparrow},$ $\mathrm{t}\mathrm{r}H=0,$ $\mathrm{t}\mathrm{r}F_{i}=0,$ $\mathrm{t}\mathrm{r}(F_{ij}^{\uparrow F)=\delta_{ij}}$ ,
$C_{ij}$ .
III-II 2 CPDS
, Gorini et al. [4] .
1Gorini et al. & [4]
(12) $[?t, D]=0$ 2 CPDS ,
$\Gamma_{i}(i=1,2,3)$ :
$\Gamma_{1}+\Gamma_{2}\geq\Gamma_{3}$ , $\Gamma_{2}+\Gamma_{3}\geq\Gamma_{1}$ , $\Gamma_{3}+\Gamma_{1}\geq\Gamma_{2}$ . (13)
, $\Gamma_{i}(i=1,2,3)$ CPDS Bloch (14) $A$ .
1 1 3, 4, 5 .
3Dynamical Semigroup Bloch [18]
2 , Dynamical Semigroup Bloch ,
$\frac{d}{dt}M(t)=-AM(t)+b$ , (14a)




$\inf_{x_{1}^{2}+x_{2}^{2}+x_{3}^{2}=1}[\sum_{i=1}^{3}(\gamma_{i}x_{i}(x_{i}-2M_{i}^{0})+2\sum_{j}\mathrm{s}_{k=1jkij},\epsilon_{i}xhM_{k}^{0})]$ if $\gamma_{1}\gamma_{2}\gamma_{3}\neq 0$
$(14\mathrm{c})$
. , $M_{i}(t)$ $\mathrm{t}\mathrm{r}[\rho(t)F_{i}]$ .
$*10$ Gorini et aI , Lindblad , .
2 , Gorini et al. .




, Bloch (14) $A$ $\gamma_{\dot{l}}(i=1,2,3)$
$\gamma_{1}+\gamma_{2}\geq\gamma_{3}$ , $\gamma_{2}+\gamma_{3}\geq\gamma_{1}$ , $\gamma_{3}+\gamma_{1}\geq\gamma_{2}$ . (15)
$\gamma_{i}$ , . , ,
$\Gamma_{\dot{l}}$ .
5 $\gamma_{\dot{l}}(i=1,2,3)$ $\Gamma_{\dot{l}}$ [4]
Lindblad (12)
$[H, D]=0$ (16)
, $\gamma:(i=1,2,3)$ Bloch (14) $A$ , ,
$\Gamma_{\dot{l}}(i=1,2,3)$ .
3, 4, 5 1 . , $[H, D]=0$ ,
$\Gamma_{\dot{l}}(i=1,2,3)$ (13) . QED
, (3) Lindblad
, (16) . ( , $T>0,$ $\epsilon\neq 0$
) , (7), (11) Gorini et al. .
, (7), (11) 2 CPDS .
.
2
2 CPDS , $\Gamma_{1}$. $(i=1,2,3)$ :
$\Gamma_{1}+\Gamma_{2}\geq\Gamma_{3}$ , $\Gamma_{2}+\Gamma_{3}\geq\Gamma_{1}$ , $\Gamma_{3}+\Gamma_{1}\geq\Gamma_{2}$ . (17)
2 $\mathrm{I}\mathrm{I}$ 1, 2 . , Bloch (14) $A$ 1, 2
(8), (10) . $M_{R,3}$ , (8)
. , $\gamma\dot{.}\geq 0,$ $h_{:}\in \mathbb{R}$ ,









$= \frac{1}{8}(\gamma_{1}-a)(\gamma_{1}-b)(\gamma_{1}+b)$ , $a=\gamma_{2}+\gamma_{3}$ , $b=\gamma_{2}-\gamma_{3}$ (19)
$\equiv g(\gamma_{1})$ . (20)
(10) , 4 (15) . [ ,
$0\leq\gamma_{3}\leq\gamma_{2}\leq\gamma_{1}$ , $\gamma_{2}\leq\gamma_{1}\leq\gamma_{2}+\gamma_{3}$ $g(\gamma_{1})\geq 0$ ]
, 2 $A$ , (17) .
QED
, Gorini et al. . .
, (17) CPDS .
, CPDS Markov . , (17)
. , (7) ,
[19].
IV
2 Markov . ,
(1) , .
, . ,
(7), (11) . , Gorini et al.
, $\mathrm{I}$ (17) [ (7), (11)] 2 CPSD
. (15)
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